ABSTRACT. The excavation of the Cyclope cave, situated on the deserted island of Youra in the Northern Sporades (39°22'N, 24°10'E), revealed material of marine and terrestrial origin in undisturbed layers, suitable for radiocarbon dating.
INTRODUCTION
The deserted island of Youra is located Ca. 30 km northeast of the island Alonnessos (39°22'N, 24°10'E), which belongs to the group of Northern Sporades islands in the Aegean Sea. In the southern part of the island and at an elevation of 150 m from the present sea level the so-called Cyclope cave is found, the largest known cave in the Sporades (50 x 60 m, Fig. 1 ) (Sampson 1996) .
During the excavation of this site three pilot trenches were opened, one in the center of the cave (Trench A) and the other two near the entrance (Trench B and C) (Fig. 1) . From these trenches material of different types suitable for 14C dating was unearthed. More specifically, charcoal pieces from fireplaces, food remains such as terrestrial and marine mollusk shells, and bones from mammals, birds and fish were collected. This site, therefore, provided an excellent opportunity to determine the reservoir effect in the Aegean Sea and the local deviation constant (i.R value) from the global carbon-cycle model (Stuiver, Pearson and Braziunas 1986;  Stuiver and Braziunas 1993) , which has not yet been measured in this part of the world.
At the same time, the absence of charcoal and bones of terrestrial animals from several occupational layers made it necessary to obtain reliable calendar dates from marine samples. The goal of this paper is to determine the marine reservoir effect in this region by dating contemporaneous terrestrial-marine pairs of samples buried together in certain layers in the cave. A second aim is to apply this reservoir correction in order to obtain accurate calendar dates for all archaeological layers.
So far 26 samples have been dated from the Cyclope cave, originating from all three pilot trenches (Fig. 1) . The description of the samples is presented in Table 1 ; additional information for each sample is given in the Appendix.
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METHODS
The charcoal samples were thoroughly examined under a stereoscope and the rootlets, if any, were removed by hand picking. They were treated chemically with solutions of 4% HCl and 4% NaOH, successively, to remove all carbon contaminants. Next, they were combusted to CO2 using a de Vries type combustion system (de Vries and Barendsen 1953; Munnich 1957) .
The shells of the terrestrial and marine mollusks were washed with deionized water in an ultrasonic bath and the depositions on the surface were removed with a dentist's drill. Next, 35% of their remaining weight was removed with a solution of 2% HCl to eliminate the carbonate that recrystallized during the time of burial. After grinding to a fine powder they were converted to CO2 with a solution of HC13N.
In both cases the CO2 produced was purified (MUnnich 1957) . Finally the samples were measured in the proportional counters of our laboratory (Facorellis 1996; Facorellis, Maniatis and Kromer 1997) . Some samples were measured for >20 d in order to minimize the statistical error to ca. 0.25% (Table 1) .
A small portion of the homogenized powder of some terrestrial and marine mollusk shells was sent to the University of Heidelberg for the determination of the S13C values (denoted with * in Table 1 ). 14C ages for the rest of the samples were calculated using g13C values of -25%o for charcoal, -8%o
for terrestrial mollusk shells and l%o for marine mollusk shells, which are in agreement with the measured S13C values of the corresponding material.
RESULTS AND DISCUSSION
The material from the excavation of the Cyclope cave is suitable for the calculation of the marine reservoir effect AR for the following reasons:
1. A large variety and quantity of marine and terrestrial species, short-lived (ca. 10 yr) and suitable for 14C dating, were available. As is understood from the global carbon cycle (Oeschger et al. 1975; Stuiver, Pearson and Braziunas 1986; Stuiver and Braziunas 1993) , the apparent ages of the marine mollusk shells are older than their actual ages. The ages of the terrestrial mollusk shells also appear to be older than the real ones (Evin et al. 1980, Goodfriend and Stipp 1983; Goslar and Pazdur 1985; Yates 1986 ). This may be due to the dietary habits of the terrestrial mollusks, which metabolize geological-age carbon from the limestone of the region where they live for the formation of their shell (Goodfriend and Hood 1983) . Therefore, the terrestrial-marine mollusk shell pairs are not suitable for the calculation of OR.
From the above it is clear that the calculation of the iR value must be based on the pairs of the second group of samples (charcoal-marine shells) . By comparing the ages of each pair, one can see that the ages of the marine shells produce systematically older ages than the ages of charcoal samples, as expected. Table 3 shows the 14C ages of these samples, as well as the R value of each pair: 265 t 36, 524 t 31, 490 t 36 and 573 ±76 yr, respectively. The R values of the three last pairs overlap within 1, while that of the first one, which belongs to the deeper and hence the older occupational layer, is considerably lower. This is either due to some sample or pair peculiarity or it may imply a change in the marine reservoir effect in this region after the 8th millennium BC that needs to be checked with more samples in the near future. For these reasons we decided not to consider it in the determination of the mean value for the local marine reservoir effect. Accordingly, the resulting mean R value of the last three charcoal-marine shell pairs is 515 ±22 yr. This is higher than the mean value of the 373 yr that t R = the regional marine reservoir effect calculated for each pair.
is derived from the mixed layer (75-100 m) of the global carbon-cycle model proposed by Stuiver, Pearson and Braziunas (1986) and Stuiver and Braziunas (1993) . This phenomenon is related to the circulation and mixing of the seawater from the 8th to the 6th millennia BC in the Aegean Sea, and its investigation is out of the scope of this work, as it demands far more data than available at present.
By taking into account the mean R value between the terrestrial and the marine mollusk shells, as well as between the charcoal and the marine mollusks, the mean apparent age of the terrestrial mollusks from the island of Youra appears to be 568 t 71 yr older than the charcoal samples.
In order to determine iR, we use the three pairs of charcoal-marine shells DEM-522 and -543, DEM-580 and -545, DEM-393 and -370 (Table 3 ) and the following procedure: For each pair, using the marine calibration curve we find the marine 14C ages corresponding to the calendar dates derived from the terrestrial ages (see Fig. 2 ). The difference between these calculated marine ages and the measured ages for the marine samples gives a AR value for each pair of samples (Southon, Rodman and True 1995 Olson 1959, 1961) , which produced a dR value of -133 t 83 yr (Stuiver, Pearson and Braziunas 1986) . This difference implies either a different local marine reservoir effect between the two regions or a variation in the reservoir effect through the time in the Mediterranean. However, more work is needed to interpret this difference clearly.
Chronology of the Cave Stratigraphy Table 1 shows the results of all the 14C-dated samples from the Cyclope cave. They are sorted according to trench and sampling depth. The 14C ages were calibrated using the computer program CALIB 3.0.3c (Stuiver and Refiner 1993) . The calibration of the ages of the terrestrial samples is based on Stuiver and , Pearson, Becker and Qua (1993) , Linick et al. (1986) and Kromer and Becker (1993) and that of the marine samples on Stuiver and Braziunas (1993) . The calendar dates are given with one and two standard deviations (probability 68.3% and 95.4%, respectively). The same table presents the calendar dates of the marine mollusks, corrected for the marine reservoir effect. These dates are produced by using the calculated value zR =149 t 30 yr, together with the marine calibration curve. The calendar dates of the marine samples calculated using the marine calibration curve, neglecting any local marine reservoir effect (DR = 0), are also presented for comparison. The corrected dates are younger, as expected. Figure 3 shows the calibrated age ranges of the charcoal samples (black bars), as well as those of the marine shells corrected for the marine reservoir effect (gray bars), displayed in stratigraphic order.
The length of each bar represents the age range and the height represents the percent probability that the sample is in the specific range. The present results show that the Cyclope cave was used by man from 8400 to 3500 BC (trench B and C), as well as during the first centuries AD (trench A). It is important to note that this is the oldest human settlement ever found on an island in the Aegean Sea, extending the navigational skills of prehistoric man several millennia in the past.
CONCLUSION
The material unearthed during the excavation of the Cyclope cave at the island of Youra enabled the determination of the marine reservoir effect AR for the first time in this region of the Aegean Sea. The value of this constant was found to be ca. 150 yr in a period from the end of the 8th millennium to the beginning of the 7th millennium BC. However, the oldest pair showed a considerable difference from the above value.
The mean apparent age of the marine shells was found to be ca. 520 yr older than the charcoal, although the oldest pair showed a difference of 265 yr. The determination of this constant enabled the calibration of the 14C ages of other marine samples found in archaeological layers without charcoal pieces. The results show that the Cyclope cave was used from the Mesolithic to the Final Neolithic period (8400-3500 BC), as well as during the first centuries AD.
The 14C ages of the terrestrial shells compared to those of the marine shells originating from the same layer proved to be older by ca. 50 yr. Therefore, if we take into account the mean age difference of the marine shells, the apparent age of the land snails is ca. 570 yr older than the charcoal. DEM-368. Shells of marine mollusks. The soil of this layer was loose and contained numerous shells of marine lusks and fish bones, as well as few neolithic sherds, obsidian blades and flint tools were found.
tively. The soil of this layer was fine and sandy. In this layer numerous shells of marine and terrestrial molwas loose and contained many roots. At this locality numerous shells of marine and terrestrial mollusks, terrestrial animals and fish bones, as well as neolithic sherds, obsidian blades and a few flint tools were found.
DEM-393 and -370. Small charcoal pieces originating in a fireplace and shells of marine mollusks, respec-DEM-268. Small charcoal pieces originating in a fireplace. The soil was very wet due to intense dripping. The fireplace abounded in ceramic sherds belonging to the Roman period. DEM-266. Small charcoal pieces originating from a very thick horizon containing ashes. In the ash ceramic sherds belonging to the Middle Neolithic period were found. DEM-267. Small charcoal pieces originating from the same horizon as the previous sample (DEM-266). At this depth inside and around the fireplace, numerous shells of marine and terrestrial mollusks, as well as terrestrial animals and fish bones, were found. There were no associated ceramic sherds.
DEM-392 and -345. Small charcoal pieces and shells of marine mollusks, respectively. The soil of this layer DEM-524 and -573. Small charcoal pieces originating in square 5 of layer 20 and shells of marine mollusks.
and bones), as well as a few flint tools. There are no associated ceramic sherds.
mollusks, respectively. The soil of this layer was loose and contained a great amount of food remains (shells contained numerous shells of marine and terrestrial mollusks, as well as a few flint tools. There are no asso-A large part of this square is occupied by a stalagmite. The soil of this layer was loose, relatively wet and ciated ceramic sherds.
